Introduction
The m oth Zygaena jilipendulae and several related species (Zygaenidae: L epidoptera), as well as the butterfly Heliconius melpomone and several 
C H 3^ O-Gluc
Lotaustralin (2) [1-4], Incorporation experim ents w ith carbon-14 labelled valine and isoleucine, know n to be p re cursors for lin am arin and lo tau stralin respectively from plant biosynthesis [5] , resulted in in co rp o ratio n rates o f 2 -6% w hen fed to larv ae o f Zygaena filipendulae and Heliconius melpomone [4, 6] , In p lan t biosynthesis valine and isoleucine are in co rp o rated into linam arin and lo tau stralin via the co rresp o n d ing N -hydroxyam ino acid, the aldoxim e, th e nitrile and the a-hydroxynitrile as show n in schem e 1; thus only the carboxyle carbon o f th e am ino acid p re cursor is lost d u rin g plant biosynthesis w hereas the residual carbon skeleton is totally in co rp o rated into the cyanoglucosides [5] . T he questio n arises w h eth er during biosynthesis by these L ep id o p tera both am ino acids are in co rp o rated in the sam e m anner. Therefore, U -13C labelled valine and U -13C labelled isoleucine have b een fed to th e larvae o f Zygaena filipendulae and Heliconius melpomone to g eth er w ith their norm al food source and the localization o f the carb o n -13 label w ithin the cyanoglucosides has been studied by carbon-13-N M R spectroscopy.
Experimental
Request for reprints to Prof. Dr. A. Nahrstedt. A fter the feeding period the larvae w ere deep frozen w ith liq u id nitrogen, then m inced and freeze dried yielding 605 mg o f H. melpomone containing ca. 5 mg lin am arin and 3 m g lotaustralin, and 1718 mg o f Z. filipendulae containing ca. 70 mg lin a m arin and 50 mg lotaustralin (for q u an titativ e evaluation see [1, 2] ). The dry m aterial was extracted as described [ 1, 2] 
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Results and Discussion
In the proton decoupled C-13 spectrum o f lin a m arin isolated from the larvae o f both species only the aglycone m oiety shows ad d itio n al signals from carbon-carbon couplings [7] , T hus the coupling b e tween C -l and C-2 o f 60 Hz ap p ears on both signals and is characteristic o f such bonds [8] . Sim ilarly the coupling between C-2 and C-3, and C-2 and C-4 o f 39 Hz is characteristic o f this bond type [7] , As ex pected only one bond couplings are observed as couplings over two bonds are know n to be sm all, less than 3 Hz [9] , for this system and hence are unobservable w ith the linew idths o f 3. Fig. 1) . Sim ilar considerations can be used to show th at the experim ental spectrum is not co m p atib le w ith the presence o f a single aglycone species consisting o f two, three or four enriched carb o n atom s per molecule.
However, as only 85% universally labelled valine was used in the feeding ex perim ent this will also correspond to the m axim um en rich m en t o f the agly cone moiety. Thus for random ly lab elled 85% C-13 enriched aglycone the proportions o f each species involving C-2 are as shown in T ab le I. A com posite theoretical spectrum , taking into account the frac tional content o f each species and th e ir isotope shifts, is shown in Fig. 1, to g th e in c o rp o ra tio n p ro cess w o u ld le a d to a n in c rea se in th e p ro p o rtio n o f sp ecie s b to f a n d h e n c e to th e co rre sp o n d in g in c re a se in in te n sity o f th e ir sig n als in th e spectra. T h is is c le a rly n o t th e case.
T h e d e g ree o f in c o rp o ra tio n o f la b e lle d v a lin e c an be c a lc u lated fro m th e sig n als h e ig h ts in th e m u ltiplets fo r each p e rip h e ra l c a rb o n a to m o f th e a g ly cone m o iety by ta k in g in to a c c o u n t th e v a rio u s species p re se n t (T a b le I) th a t a rise fro m th e u se o f 85% u n iv ersally la b e lle d a m in o a cid . T h u s, w ith in th e e x p e rim e n ta l e rro r all lin e s o f th e aglycone m o ie ty h a v e b e e n e n ric h e d to th e sa m e Table I trum for C-2 is sim ilar to th a t for lin am arin . T hus for lotaustralin the various species involving C-2 in Table I are also present w ith no d istin ctio n being possible betw een the labelled m ethyl g ro u p C-3 or the ethyl group w ith a label at C-4. A lthough the signal for C-2 o f the aglycone m oiety is o v erlap p ed by those for C-5' and C -3' o f the glucose m oiety (Fig. 2) the signal shows the sam e general p attern as that for linam arin (Fig. 2) at least for C-2 o f lot- australin from Zygaena larvae. T he intensities o f the lines o f C-2 of lotaustralin from Heliconius larvae are visible but not as easily id en tifiab le d u e to poorer signal to noise arising from the low yield o f lotaustralin in this experim ent. T his is again d irect evidence for incorporation o f the intact 85% en riched am ino acid with loss o f only the carboxyl carbon. F urther evidence is afforded by the ex cellent correspondence o f the experim ental and theoretical spectra for C-4 o f the aglycone m oiety o f lotaustralin (Fig. 3) . Again account was taken o f the fractional content o f each species and its isotope shift to give the com posite spectrum . In this case the degree o f enrichm ent was 1.5 ± 0.2% for lotaustralin from larvae of Z. Jilipendulae w hereas the value o f that from larvae o f H. melpomone was not calcu lated in view of the low intensity spectrum . T he C -l3 data for linam arin and lotaustralin from the feeding experim ents with Z. Jilipendulae are re ported in Table II . Sim ilar results w ere o b tain ed for H. melpomone.
These results clearly show th at both, larvae o f Zygaena Jilipendulae as well as those o f Heliconius melpomone incorporate valine into lin am arin and isoleucine into lotaustralin specifically w ith o u t any disruption o f the carbon bonds except for loss o f the carboxyl group. In this aspect the biosynthesis is sim ilar to th at occurring in plants in d icatin g th at the pathw ay used by plants and these L ep id o p tera may be very sim ilar, if not the same. S im ilar results were o b tained for som e m illipeds (A rth ro p o d a: D iplopoda) which synthesize m an d elo n itrile after feeding w ith l4C -labelled p h enylalanine [11, 12] . F u rth er studies, how ever, are necessary using d iffe r ent interm ediates such as the corresponding nitrile in o rd er to establish the suspected id en tity in the biosynthesis o f cyanogenic glucosides by plants and L epidoptera.
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